Brazil has a range of fruit species, especially native ones, which play an important role in the life of local populations, but are still little studied, as is the case of bacuri (Platonia insignis Mart.). P. insignis is a fruit tree species native from Amazon region and has great economic potential, mainly due to its excellent organoleptic and nutritional characteristics. Therefore, there is a need for research that seeks the proper use of the species, as well as the selection of superior genotypes. Thus, the objective of this study was to characterize biometric and chemically fruits of eight selections of native P. insignis plants, from the municipalities of Presidente Juscelino and Santa Rita both located in Lower Munim region, state of Maranhão, Brazil. For the biometric characterization, 20 fruits, individually, were analyzed as to mass, longitudinal diameter, transverse diameter, conformation index, seed number, parthenocarpic segments number, pulp yield and bark mass, and for the chemical characterization, samples composed of six fruits were analyzed as to soluble solids (°Brix), total acidity (% citric acid), soluble solids/acidity ratio and pH. There was significant difference for all characteristics evaluated. High coefficients of variation were observed, indicating variability among the selections and possibility of taking advantage for the genetic improvement. The results allow to indicate the fruits analyzed, both for the industrial market and for the in natura consumption, especially for the 'Domingão' and 'Mamão' selections.
It is worth mentioning that despite the wide utilitarian potential, as well as its socioeconomic importance for the populations surrounding native P. insignis plantations, it is a species still in the stage of domestication, and there are not sufficient management techniques that support the rational cultivation of this species, in addition, little is known about the particularities of the fruits in their naturally occurring environments.
The fruits of native P. insignis species do not have uniformity in vegetative and reproductive aspects, thus they must be studied in order to establish selection criteria (Borges et al., 2010) . Santos et al. (2017) studying native P. insignis in the state of Maranhão observed significant genetic differences between populations. Souza et al. (2001) in a characterization study of native P. insignis fruits reported 13.79%, 14.36 and 12.49 of pulp yield, soluble solids and acidity/sugars ratio, respectively, for fruits from the state of Maranhão.
Studies of characterization of superior mother plants, searching for fruits with high pulp yield and physical and chemical characteristics acceptable to the standards demanded by the market, are of paramount importance.
Therefore, the objective of this work was to perform the biometric and chemical characterization of fruits of native P. insignis selections of the Lower Munim Region, state of Maranhão.
Material and Methods
The research activities were carried out in the municipalities of Presidente Juscelino (02°55′40″ S and 44°03′54″ W) and Santa Rita (03°08′37″ S and 44°19′33″ W), both located in the state of Maranhão, in the Rosario microregion, Munim river hydrographic basin. The climate is described as humid B1, according to Thornthwaite classification, the average annual temperature is 27 °C, with annual rainfall totals varying from 1600 to 2000 mm and average annual relative humidity of 80%. The vegetation is classified as savannah restinga, transition zone, and the soil is classified as Quartzarenic Neosol (Nugeo, 2018) .
The fruits were obtained from eight selections of P. insignis, identified according to the names of the rural communities of occurrence or of the "owners" ('Boa Vista', 'Domingão' and 'Prata' from the municipality of Presidente Juscelino and 'Launé', 'Juninho', 'Sororoca', 'Mamão' and 'Marcos', from the municipality of Santa Rita, state of Maranhão, Brazil). According to historical reports of the local residents, the P. insignis plants had an estimated average age of 49.37±7.57 years and mean height of 31.88±2.17 m, which was obtained by the superposition of equal angles method Neto, 1979) . The individuals vegetated in their natural environment and received no cultural practices.
After the fruits have fallen naturally they were collected in January and February of 2017, with initial sampling of 20 fruits by P. insignis selection, which were properly packed and taken to the Plant Science and Post-Harvest Laboratory of the Maranhão State University to carry out the biometric and chemical analyses.
From the initial sample of 20 fruits, 12 were taken at random for the individual biometric characterization, by measuring the longitudinal (LD) and transverse (TD) diameters (mm), fruit (FM) (g) and bark masses (BM) (g) and counting of seed numbers (SN) and parthenocarpic segment number (PSN). Pulp yield (% PY) was obtained by the relationship between the pulp mass and the fruit mass, and the conformation index (CI), by the relation between the longitudinal and transverse diameter. For this last ratio, an adaptation of the methodology described by Guimarães et al. (1992) was used, thus round fruits were those with CI between 1.00 and 1.20, and those with CI > 1.21 were oval.
The fruit chemical analysis was carried out from two samples, each composed of the maceration of six fruits.
The total soluble solids (TSS) were determined by direct refractometer reading, in a digital refractometer, expressed directly in ºBrix and the hydrogen ionic potential (pH) was determined by the potentiometer method in digital pH device, calibrating the potentiometer through the buffer solutions (pH 4.0 and 7.0), according to the methodology recommended by the Association of Official Analytical Chemistry (AOAC) (1992) . Titratable total acidity (TTA) (% citric acid) was obtained by titrating with a standard solution of 0.1N sodium hydroxide and the chemical ratio (TSS/TTA), determined by the ratio of total soluble solids and titratable total acidity, according to AOAC (1992) .
The experiment was laid out in a randomized complete design with eight treatments, and 12 replications for the biometric analyses and six replications for the chemical analyses. The data were subjected to Analyses of Variance with F test and the means were compared by the Scott-Knott test at 5% probability. The correlations between the parameters studied (48 observations) were estimated by the Pearson correlation coefficient. Statistical analyses were performed by the InfoStat program version 2017.1.2.0.
Results and Discussion
According to the statistical analysis of the fruit biometric characteristics, the selections differed significantly for fruit mass, which ranged from 266.48±23.20 to 379.18±18.68 g. According to Chitarra and Chitarra (2005) , for the market of fresh fruits, in general, the heavier and larger fruits are more attractive to consumers, although characteristics such as external appearance, color, firmness, aroma and flavor also are considered. Thus, the 'Sororoca', 'Domingão', 'Juninho' and 'Mamão' P. insignis selections deserve special mention, with averages of 379.18±18.68, 376.50±30.85, 372.58±20.84 and 335.42±19.89 g, respectively (Table 1) . However, in the case of P. insignis, this characteristic should be viewed carefully, since other characteristics may better indicate the fruit quality.
The results for this study, with an average mass of 330.57±15.31 g, were higher than those found by Silva et al. (2009) , who reported an average of 263 g for P. insignis fruits studied in the state of Maranhão, but lower than the results obtained by Carvalho (2004) , with an average mass exceeding 349 g, in a study with in the state of Pará. It is worth to note that Souza et al. (2001) , in a study with P. insignis mother plants in general verified that fruits of the mother plants collected in the state of Piauí had average mass values higher than the fruits collected in the state of Maranhão. Note. Data refer to means and mean standard error. CV% = Coefficient of variation. Means followed by the same letter in the column do not differ by the Scott-Knott test at 5% probability.
Teixeira (2000), and Aguiar (2008) , respectively, found variations from 70 to 150 mm and from 61 to 128 mm, for fruit longitudinal diameter, and from 67 to 70 mm and 57 to 95 mm, for fruit transversal diameter. Souza et al. (2001) , in their studies in thet states of Piauí and Maranhão, reported similar results, evidencing that the results of this study agree with the literature.
With regards to the conformation index (CI), round fruits are favored by the industry for facilitating the cleaning and processing operations (Chitarra and Chitarra, 2005) . Thus, the selections 'Prata' (1.03 mm), 'Juninho' (1.13 mm), 'Launé' (1.13 mm) and 'Domingão' (1.19 mm), stood out and were classified as round fruits. The selections 'Boa-Vista' (1.34 mm), 'Sororoca' (1.35 mm), 'Mamão' (1.40 mm) and 'Marcos' (1.42 mm) were classified as oval fruits (Table 1) . Guimarães et al. (1992) reported a variation between 0.86 and 1.30 mm, for this parameter indicating that the variation in fruit format in this study was expressive.
The number of seeds/fruit (SN) varied in average from 1.58 to 2.92 units/fruit. Carvalho et al. (2003) found an average of 2.30 seeds/fruit, and Souza et al. (2001) reported an average of 2.44 seeds/fruit, corroborating the results of this study ( Table 2 ). The selections of 'Launé', 'Domingão' and 'Boa Vista' with values of 2.92±0.29, 2.67±0.33 and 2.50±0.29 seeds/fruit, respectively, had higher average values for this variable, therefore, a higher number of seeds per fruit. Thus, these selections have potential for the seminal propagation of P. insignis, since this species is mostly propagated by seeds, even when the grafting is aimed at. According to Mourão (1992) , it is worth noting the utility of P. insignis seeds which are not useful for human consumption, but bran, a byproduct of the seed processing can be used in animal feed and as fertilizer. According to Souza et al. (2000) , P. insignis lard, obtained from seeds, is widely used in the treatment of several dermatosis and can also be used as raw material in the soap industry. However, from a commercial point of view, fruits with less seeds are sought, since pulp is still the main product of interest. Considering this, we highlight the Silver (1.58±0.19) and Mark (1.92±0.26) selections, which presented the smallest means for SN.
The high coefficient of variation (CV%) of 40.36%, observed for SN, indicates high dispersion of the data. This is attributed to the fact that some fruits have one, while others, four seeds, evidencing the inefficiency in the P. insignis pollination systems.
The pulp yield (PY%) provides subsidies for agroindustry use (Carvalho et al., 2003) . Moreover, it values fruit extractivism. With regards to pulp yield, the selections 'Marcos', 'Mamão', 'Prata' and 'Domingão' were statistically superior to the other selections, with averages of 19.98±0.76, 18.33±1.65, 18.05±0.81 and 17.07±1.43%, respectively. In general, larger fruits had higher pulp yield, as in the case of the 'Mamão' and 'Domingão' selections, however, it is worth to note the 'Prata' selection, which, although with lower mass, showed higher pulp yield than fruits of larger mass, such as those from the 'Sororoca' and 'Juninho' selections.
The values obtained in this study were higher than those found by Silva et al. (2010) , in a study with P. insignis fruits from the state of Maranhão, with average pulp yield of 11.82%, and similar to those reported by Aguiar et al. (2008) , in a study with P. insignis fruits from the state of Piauí, which varied from 11.69 to 22.21% (Table 2) . Note. Data refer to means and mean standard error. CV% = Coefficient of variation. Means followed by the same letter in the column do not differ by the Scott-Knott test at 5% probability.
According to Lima et al. (2002) , fruits with pulp yield superior to 50% have suitable conditions for commercialization, which implies considering the fruits studied with low pulp yield. However, according to Carvalho and Muller (2005) , the low P. insignis pulp yield percentage does not constitute a characteristic that prevents the use of a certain fruit, either as fresh fruit or for industrial use.
With regards to the parthenocarpic segment number (PSN), their presence in the fruit in large quantities is highly desired for both in natura and industrial use, since they are not adhered to the seeds and are easy to remove. In the above-mentioned study, the averages ranged from 1.75±0.22 to 3.33±0.22 PSN/fruit, with emphasis on the 'Prata', 'Marcos', and 'Mamão' selections, with averages of 3.33±0.22, 2.83±0.24 and 2.58±0.15 PSN/fruit, respectively. Similar results were found by Souza et al. (2001) who found reported a variation in the PSN from 2.50 to 3.14 and by Silva et al. (2009) Vol. 11, No. 2; When the fruit destination is in natura consumption, the pulp yield and the parthenocarpic segment number is the most important characteristic, since the seeds and bark will be discarded. However, the P. insignis fruit bark presents economic importance, because it is possible to use it for the preparation of sweets, ice creams and creams, which can greatly increase fruit yield (Souza et al., 1996) . The importance of using the largest fraction of P. insignis fruit is adding value and nutritional positive aspects. In addition, peels are rich in fiber and pectin, which are compounds known to be beneficial to the human body, therefore they should be considered as excellent raw materials from the food point of view (Matietto et al., 2006) .
The results for total soluble solids (TSS) presented a mean of 16.30±0.58 and 19.47±0.06 ºBrix (Table 2) . These values are higher than those found by Silva et al. (2010) who verified an interval of 13.27 to 14.83 ºBrix, and also to those reported by Fontenele et al. (2010) , who found a mean value of 14 º Brix in a P. Insignis pulp study.
The total soluble solids content is a parameter that has been used as an indicator of the quality of fruits intended for industrialization, since they are closely related to higher yields during processing, thus, there is a preference for fruits with higher soluble solids contents at 13 °Brix (Maniwara et al., 2014) . Therefore, the 'Mamão' and 'Launé' selections, with averages of 19.47±0.06 and 18.63±0.18 ºBrix, respectively, differed statistically from the others.
Titratable acidity is an important parameter in the assessment of the state of conservation of a food product and is very important, especially at high levels, as regards processing, because they are better preserved and provide conditions that make difficult the deterioration by micro-organisms (Magro et al., 2006) . The total titratable acidity (TTA) ranged from 0.48±0.01 to 1.33±0.03% of citric acid. The highest percentage was observed in fruits of the 'Marcos' selection, which differed significantly from the others. Souza et al. (2001) and Carvalho et al. (2003) in research carried out with P. insignis showed citric acid values in the range of 0.62 to 2.02% and 1.13 to 1.34%, respectively, indicating that the fruits analyzed by these authors had higher acidity than those from this study. This qualify the fruits from this research for the consumption in natura, particularly those from the 'Boa-Vista' selection, which presented lower acidity (0.48%) ( Table 3) . Note. Data refer to means and mean standard error. CV% = Coefficient of variation. Means followed by the same letter in the column do not differ by the Scott-Knott test at 5% probability.
The chemical TSS/TTA ratio ranged from 12.60±0.69 to 34.24±0.86 (Table 3) . Souza et al. (2001) and Aguiar et al. (2008) , in their studies with P. insignis, obtained averages for the TSS/TTA ratio, in the range of 4.94 to 26.11 and 5.00 to 35.00, respectively, which are close to those found in this study. The TSS/TTA ratio is an important indication of taste, since it relates sugars to fruit acids, being more representative than the isolated measurement of these components (Fachinello & Nachtigal, 2018) , determining, by taste balance, the general quality of a product. Thus, the 'Boa-Vista' selection, which showed an average of 34.24±0.86, deserves special mention.
As with acidity, the determination of the hydrogen ionic potential (pH) provides valuable data in the appreciation of the state of conservation of a food product (Rufini et al., 2011) . Regarding this characteristic, the averages varied from 3.47±0.03 to 4.14±0.10, with superiority for the 'Juninho' and 'Sororoca selections', which showed averages of 4.14±0.10 and 4.06±0.04, respectively, characterizing them as low acid fruits (Table 3) . The results are within the limits commonly reported in the literature, such as Silva et al. (2010) , with variation from 3.22 to 3.48, Bezerra et al. (2004) , with an average of 3.12 and Fontenele et al. (2010) , with an average of 3.19.
The correlation analyses for the assessed characteristics allows to evaluate the magnitude and the direction of the influences of one variable on the other, giving an indicative of association between the characteristics analyzed (Sousa et al., 2007) .
The Pearson correlation analyses between the studied variables, expressed in Table 4 , found a positive and significant relationship between the fruit mass (FM) and the number of parthenocarpic segments (PSN) (r = 0.36), number of seeds (r = 0.53), pulp yield (% PY) (r = 0.32), longitudinal diameter (LD) (r = 0.59), and transverse diameter (TD) (r = 0.92), showing that the higher the value of any of these variables, implies a larger fruit mass, as expected. Positive correlations indicate that the two characteristics are benefited or impaired by the same causes of variation.
It is important to highlight the significant correlations observed between PSN and SN (r = -0.75) and % PY (r = 0.28), which show that the lower SN, the higher the PSN and the higher the % PY. Similar results were obtained by Silva et al. (2009) , in research with P. insignis fruits. Thus, for the prospection of good selections of P. insignis, special attention should be given to the PSN, since it directly affects the the main attribute in P. insignis fruits: the pulp yield.
The conformation index (CI) obtained by the relation LD/TD, presented a high and significant correlation with LD (r = 0.82). Thus, the greater the LD, the more distant from the value 1, where the more rounded fruits are considered, the more oval tends to be the fruit. The correlation between CI and TD was lower (r = -0.44), which, in turn, showed a significant correlation with the PSN (r = 0.39), SN (r = 0.55) and LD (r = 0.42) parameters (Table 4) .
With regards to the chemical characteristics of the P. insignis fruits, it was observed that the correlations between pH × TTA (r = -0.78), pH × TSS (r = 0.12), TSS × TTA (r = -0.16) and TSS × RATIO (r = 0.22) were not significant (Table 4) , but the correlation between pH × RATIO (r = 0.72) was significant and positive, indicating that the higher the pH, the higher the RATIO, and the correlation between RATIO and TTA (r = -0.96), was significant and negative suggesting that the lower the acid content the higher the RATIO (Table 4) . Considering that P. insignis is a fruit in process of domestication, these variations are common, according to Morzelle et al. (2015) . Thus, biometric and chemical characterization are valuable tools to detect variability within populations of the same species, implying the possibility of selection of promising materials for the formation of germplasm, besides being an efficient way of improving fruit quality intended for both the fresh fruit market and industrial processing.
Conclusions
(1). There was high variability for the analyzed characteristics, particularly for biometric, such as fruit mass, seed number, parthenocarpic segments number and pulp yield.
(2). The variability for the parameters demonstrates the presence of different genotypes in the population with potential characteristics for the breeding of the species.
(3). The selections present potential for both in natura consumption and industrial processing. For the in natura consumption, we highlight the selections 'Domingão' and 'Mamão', considering the results for parthenocarpic segment number, pulp yield, total soluble solids and sugar/acid ratio. As for the industrial potential, the selections 'Domingão', 'Mamão' and 'Launé', considering the results for pulp yield and total soluble solids.
(4). The parthenocarpic segment number, seed number and pulp yield are directly related to fruit mass, as well as the parthenocarpic segment number with pulp yield.
